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7l#£:4= 

[1] ^-^^r^-y-B- «.efl^- 44<SM Al^Ejofl ^ 3!.£.3.4,-^4 4#4€ 

5fl <=»! ^ 4 T^V 0> ^ ^ ^ WJ-^. A) -|- AJ- A] ?1 jl, ^ # 4 ^ Aj O] $ - ^ O. o] # 

7\]7]z;}a) *J4^-§- ^=#44 jLefln 44 €4 4^°fl ^ 344. 

[2] ^ -H- efl^- 3 4(fiber Bragg grating)^ ^-fr s4(core)°ll ^r u 0 v ^-* 3. 

^7]^ol ^4-&-Fr£4 344. o] -fj- 44fe *L2flZl2:3-§- 

4^r4fe Ji4^. 44(Bragg wavelength) §-g- <d#(#^ 0.1 — lnm)^ 

*4 tiVA>§>7fl El JL 443 ^ *444fe 7>44. O] « eflZL 

44£r ^-fV «-2fl^- 444 ^£7} W444 -§-4(stiess)4 ?]7>E)^ n<Hl 
44 ^447fl ^4. 444 4 ^4* 4**«M ^W(strain), 4^ 

^4fe ^ tf-S-fr 34 €4-1-4 7M4<H #4. 
[3] 4 tr # A J-rr 3 4 m 3 43£ Si Wl- #4 ^3 ^31 &■§■ 

^e)4(Si0 2 ) 4^-44 °fl-S-°1] 34 ^<£*I144 3.7]7\^il 7I-444 ^ tfltf 

71 M ^ W ^4 #4 ^ #^4 7>^4^i, #-8 -8- 

f^iit £-i&4 4 4444 4^ ^ Sft.fi.2.s ^4^?44 -8-444. a 
4€- 43^r ^4 44 €4# 4 4 4^°fl 44*114 f- A H1 §r^4fe 

4^4(multiplexing)7l- -§-4 44fe 3 4 4. ^ 4 -ft- 4 4fe 4 3. 4€- 44 

44# 7^|£s 43 7fl44 #*cH 444 344*1 ®^ 4fe 4=9" 

4^4(wavelength division multiplexing) HM-fi- ^ ?fl 4 s . &4- 4 

*j-g-*JM ^ mm- ^ ^ km 444 °J44 4^°fl 4 €4 -& 4 4 4 ^3 

^^-i €4 (quasi-distributed sensor )4 7 1 n=*3 ^ 4 s , 

[4] a «fl^i 34 -3H ^1^€* ^^4fe u o v, a-^5. *1-§- ^!<?V^ 

^-H- 3 4 4^ -5d^-4 ^^r ^-^Cbroadband source)4 4^ 7>^ 
€ 4 (wavelength tunable filter)* 4-8*44 # ^ 4fe 4 4 5i4[A. D. Kersey, T. A. 
Berkoff, and W. W. Morey, "Multiplexed fiber Bragg grating strain-sensor system 
with a fiber Fabry-Perot wavelength filter", Optics Letters, Vol. 18, pp. 1370-1372, 

1993]. 4 H o v, S^ <?14 4 0 J-§- £4*14 4# €43 4^.^-a-S- 
34*3 44 ^4 4^5. ^4 A 1^I4. ^4^, 44 4°^4 44 7>^ 
^e^4 444 ^^1# 7>42. sa^S-S- 4-S-44 ^-fr 44 ^4^5:3 
43.( P eak)7> 444^ ^4 44-^ ^4^5.4 3-9-8- 441-4 44# 
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[5] ^ 4^ 211 °1 ^-§-§1-^4 [S. H. Yun, D. J. 

Richardson, and B. Y. Kim, "Interrogation of fiber grating sensor arrays with a 
wavelength-swept fiber laser", Optics Letters, Vol. 23, pp. 843-845, 1998]. °1 ^^Sr, 

7}^ €3* *>-MH e(l ol ^ si a^Vi-si 4^- 

01^-0.5. Alll-ofl.al-el- ^Sj-A]?] ji, Al^Vsj- eflo]^ 34-^ ^ ^-fr 7>^1 jl 

^7]- ^Ca-oll cfl^A-1 Al^^ 0.5. t£3}*l ol ^ *| A 0 V( h ysteiesis)^ ^ ^r^°11 

tcj-e^ ^^-0.5. ?l«rOf ^A^ aV^-A^ol 

"S^lfe ^l^l ^tb ^ t 7^1 ^^l^fe M-H-iLefl^- 

[7] i^i}, jn^Ajeq efln 4^ ^-§- ^IHtt #^tb£-*fll- 

*r SUtt a}-*}" 71 ^(wavelength reference) ^ 3L<# ^ *} -9.^1 £-2-^, 

[8] £ 1 ifl*l 5L ^-B" « 31^ AflAi Al^aic^ ^^.g. ^§> 7 ) 

^Hfl #1"* «>n ^ tb t 1 ^ H°l 4- ^ l£- Kringlebotn -§-°l *ll «?r*H 
d)^ -Hj-s} ^^-(-i-^-^l^ : 6,097,487 Jl)€ 7l^°M, £2fe Bao ^ °1 *11°J:*H 
ti]^- =-^.(^^-^3: : 6,327,036S)€ ^l^o] ji, s. 3^r Bao ^]<?>«V^ 
n]^- Jfj.^ ^^.(^s-ajj: . 6,449,0475.)^ 7]^o]cf. 

[9] 1 f^s}^, *1 ^ ^-^ 6,097,4875^] 7fl a] ^ 7]^^, #aj o_ ^ (ring) 

£ll 0 1^7> ^(1)^.5. A>-g-£l^L, eflol *| ^?l7l °>ol 4=3- 7 r »£ ^El(2)S 

4^7) (wavelength division multiplexer, 4)# ^Sfl ^5. BlM *\ t^o)SL^(5)S, 
^ ^ € 4. # 0 r 0 l # 31 °1 ^ (optical isolator, 6)fe ^1 ^ft tb ^ y o v % 1: , ^1 ^1 cfl 
^a] ^1 ^Al7l7l ^SIH 4-§-^4. ^*>fe 

^o]x] A}\ (coupler, 7)# f-*H 4^-, *fl2 ^€5l(8H 

t^€ff ^^>(9)<HH t>4^ ^)i ^-^#71(10)5. 

4 e] -2)1 -5- ^ El (Fabry-Perot filter, 1 1)^ 
cfl^ ^-4^ E-l (optical bandpass filter, 12)# 7i*H ^12 ^3#7l(i3)S. ^^^4. 
A2 ^1-^(8)^ *-a-fr 3*>(9) a>o]o)]^ ^3 ^s.^ (14) 7l- Aj^^r]-. 
M(l)J>3.-f El cfl-^-^ xfl3 ?l#£i(14)# *s>^ ^-Aj o. 
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^eflol(9)5. jI, o] ^ §>4fe 3*}2.*\ £rfl 7}^o] 

[10] *fli ^ Al ^^#7i(io, 13)°1H 3^4 ^e) ^ una 7 > xi jr 

[li] 4^ °1 7l^°fl^ife efloi *| 4^-2- &^f>}7] 4# 7}& 

fl-S-i-^HM ^« al-^l* €E](ii)^- 7l§ ^-a-H- ^^Ki5)»^>-§-li-4. 

3fl «.el-5)l^ ^Ei(H)fe ^4^4 ^Ifsl^iHS O] ^4^-E-g- 

^#7l^.jsLA}-§-^4. *T, 4 « 5] -5)1 (11)2] #^ Al^» «^«M 4# 

7>£ ^^(2)^1 4#, ^ Bflo]^ 4#oi ^44 ^^^1 <y- ^ sa^. 7l§ 

^7>(15)fe Itfl 4#-§- ^1^71 4*1H A>.g-44. Oj-Sl SflU.2]-^]^ ^4(11)3 

4*J"& ^ SI 4. ^eV^I 7]^ 3*}(15)°1H >£4€ 3)3.5] 

3*1* ^ *>ul, o]» aj cfl 7l § 4#o_ 5L #4 efl o] s] a] ?>cHl 4^ ^cfl 

sj-^-a- sfl-aw. .a-ws, 7i^ ^-b- ^^>(i5)4 ^« ei-3fl* ^E](ii)fi] 

43 ajjl# oi-g-sflA^ Eflo]^ 4^1-4 ^sj-s- TflAl-^31, o] 6]-g-*1M 

[12] neiEll, Aj-^tb H <3-^ 7l§ ^-Aj o. ^4 (15) s| 4*1-6] ^£ ^O)] 

43H £44 § 4# i*>S M-Hl-uj-Tfl £tHr 44*1 7l^ 

^ o. 3x}(i5)7} ^4<hi ^.^>£^ o>^4 - o. ^.4 

[13] 51 21- ti«}^, 4 ^ 6,327,036JL°fl 7fl a] si 7]^^ fe-, 7] § 4D-ir 

^*}7] ^ 1^1 73^4 43-7>43. 4§ ^ o. 34 (1) 4 sfl a 4.4^ 
^1(2)1- 4-§-fb4. ^34 <=>] ^IHHfe 71 § #^-3- ^7>V(i)4 4*J-§- 
4 « eMl-i- ^e](2)4 ^ ^4 ^^1^1^^, ^ 4^ c] 
71^714 Si^fe «o v, S^ s||«e]-5il5- 43 4^14 ^^slTfl *Rr 
^7}s. ^1a1*1-^4. °1^t11 ^ 4^ ^tfl 4^ 7l^<L3. 

^l "o 1 -^* ^l^fl^ ^ 7ii i ^"€(3)2] 4# ^^^-Tfl 

^^^-^Sl^^.^-am- 6 ] ^^-7i§3l- ; 8-^^^^^^^7>4 

^12 ^(4)^1 ^A*} ^r^^- 7^4. Stb, ^ y o^^r ^" ^4*1(5)4 
^#2]E^6)1- «l-§-«M 7112 M(4)°1H 3fl « 2M1-1- 

^Ei(i)2]- 71 § ^-^-B- ^4(2)4 ^^^-4^^(7)1- 1-4*1 ?J ^- ^-^ 7>^ 

^ El (8)1- a>-§-5>^ 4^- 4 (scanner, 9)°fl «j a>a] 47]^ 4^-^- ^ ^ ^.3., 

tbsl* ^1 1 ^^(3)^H ^-^^l i?fl4(9)°l] °J*M1^ 4^# 
Al^-^- « 0 v^* A>-g-t!:4. 4^ °1 ^^^Sr *1€-^- HM* ^1-g-tb ^-^ 71^4 
-^^^.s *lo>^ ^^1 7eli4 4^- ^a. #m 7iltb*l ^-^4fe 

$X^. 
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[14] i 3^r f25}?, ^ ^ s-^ 6,449,04731^ 7fl a] ^ 7 1 7) § 

*3(2)» ^-§-*Vi, 7]§ 3*Kl)3 3fl ^3(2)2] ^ 

3r*J-<>l ^S^l-Sr flM*1« *V*W.*#* €^1^171 2]3H .2-5. JM- 

^t}^ m ^-^#7l(5H ^}€4. A Ji*i^(6)^ *fll #3 #71(5)2} 

*]]l $ *fl 2 ^#3(4, 5)* 7^ #-8-8- 3*} ^ o^]oj (7)S . 

^r^. M-fr 3*} °1 ^ °1 (7)°fl A 1 £*>^ tlM-g- *J2 ^^#7l(8)ofl 
S^H, o) Al^s-o. ^^ 7 ] (5)5. «SjA r € Alisq. ujJJISH #-8+ 3*> 
^^lol(7)2l tiJ-A}- Sj-^-i- A] Jr ^e)^-(6)oflA^ 7^^. Ol ti^-g- o)-§-Sl]A^ *| 

<*|7H, ^^-Ajol^- ^fl uj-^o] ^o}^ i4^^£4. 

[15] £ 1 ifl^l £ 3°fl 51A) 3 ^Bfl 7l«^ 7]§ 3}-*}-g- ^ 7]§ ^Jr-g- 

[16] nei^ > ^->a6. : a 2 flrL^7.l- ) 3i}lae]-3i]^-^^ 1 ^-^#7l f^H^ ^ 

<£SL?}^ ^2] §]-i4?] ^^-2]^^o] i£aj^ ^ ^t)-. 

^ o. 3^ S]^Ajo]^ ojA>£]^ *2] Ag^ofl C^g} «VA> S^O] 

2]*1)a] -^^o] ^5]^ 6] ^aj-o] ^^^^1 ^c].. <a^-?)fe 
o. ^h 0 >^1: -§-^ (transverse stress), ^^tt^ # ^ (bending) -^ol €^1 

Jg-Aj O. ^ 7\ ^\ A] Ofl^i ^ # ^ AJ O.^ o] ^ A-] ^ km O] Aj- o> 

5>fed] ^ ^Si-oil ttJ-S]-^^ Aj-Efl7>-^3]-^^^S. ^5r€4. ^Hl-^ 

^^-<H1 a]- A]- TXl-^-o] «i^-s|o] ^Ajofl ^s>7> ^§7l7fl €c]-. °1# sMS}7] 
^-S-B- ^7f7> ^Ho^ -§-^# til^l ^fe at) 71^1 (packaging)^- *V7m, 

^^^^ <^l-g-*H A o V ^» -B-^l y o V ^^ 7V^« r ^n>, 

7>^o] u]M>ji Hla^-ajolr].. §.^1^. i^-^ n^}7] 4-8-2] 
^^^l 7H^-sl51r+. 

[17] .£ 4fe Yamate ^ ¥^(^^#5- : 6,363,1 80S) 2]^a^^- 

#<^^ €^1-* t>^5f^l ^^5>fe u o v ^* ^^§1-71 2]^- ^A^olcK 

[18] £4# ^-S^Va, a]^ 4^ 6,363.1 80S<Hl 7fl a] ^ 7]^^-, sg»^ ^^Sr 
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^ 7flS] 3)3.1- ^ 3\3L4\ Tm-& *$y*3r-%-n4\ 37H1 til sflf^. 

ZL^ Cfl, Ol ^ ^-^ oflAi fa. oj ^ g 3. Aj-Efl 7> £5}- Si 7^- Sfe #4] A* 
3#§Kr =3-*l7} Safe- ^-f ^J-* S^. nH^-M, 

£ ^^Wfe 3W(D°fl W^lfe M(2)^ ^#71(3)^ 71(4)* 

Af-g-sM ^3}7l4, 3H(D°lW ?Jt-5l(5)# 

^A^fa.^ ^^^^-^^7l(7)S.3E:^«flA^ 4j^§-^#A}^Cj-. 
^31^(6)^ 5flSC-1(8)Sl- 2}-^7l-^^El(9)l- Stf^tK ^ #M3 tiVAV 

^SL«*3(10)* Al-g-§H sl^^-i- 471^^3-*] ^ Ai^^io^ ^.g. 

[19] *>*i € 7m-3g#^a^-i-Bi-i- A>-g-*i-fa 

^■SL^^H Sj-^sM^^^^ ^ j-^-g. q-El-'i 4: sa .2.2.3. 
*KH, ^^^l ^7>§>^ f-S] ^^l oJ4. 

[20] ^H^H, ^xfl Aj-g.^7} 7>^tb *^-fr *.efl^ 34 *0*|-*M 
^sflAife ^ 3 €-8 -S^l* sM^fl 0 ^ W. 

[21] £ 1 tfl*l £4fe^2fl7l^o11 4€-#^4}-J±eJU3*l-<SH aI^e^s] ^s.. 
[22] £5^*1 51 lO^r^-^^l ^ *H ^ ^ *M fl^M. 

[23] -& o]^JL7.\ 5>fe 7]^^ Jf^fe ^^.S A>-g-£lfe. Bf^ 7f^ 

efl o] *] 3 ^ ^ o>q e]- 3. o] 

[24] £r ol = ji^f 5}^ cf^. 71^^ 3>^lfe ^^oll <&°]*\ ^€ 

5Ufe € # 5-^1 # •§• a1 ofl sfl ^*>fa ^-^ -ff a Efl 3 ^ ^ a] # 

afl^SHf-Hl 

71 #^ 

[25] ^71 71 ^ ^ 31-^1 * ^-AJ S)-7l ^ tb £ *H§ ^ °f €• * ^- 2fl ^ 3 *> ^A] 

Al^^^r 7>^ ^El# £^-*>Bl 7f^ #^«>fe S| ^ 7>^ 

511 Ol ^1 i 7}^ efl Ol ^ S.«-El Jg ^ Pj ^ «>oV ^ w o V^5. *7l A] 71 if 
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«a ^ 4# efl o] ^ oflA^ #4 *j a] ^ o.s. sj.7i 3 

4§ *<$^*M, 4** *°W tb 4 ; 9"§: ^ 71^ 

4#*.sL M^Rr 7l§ 4# ^o>-¥-; *fll 4*^-^ # ^ofl^ 

^3 SRr + 3 4 4# 44 71 § 44 a§ Aj «-E] AJ 3 71 § 

^^#^1 Al #4 ^"AJ o. 3^ ^Xl^S-^El ^-O] ^3 Zj-Z^ Al ^V-l- 

«y ^ «>4, 44 7}& efl Ol *| oflA] £ A] ^tfl^ I^-g- 444oL 

^ o. ^J.^ ^j-gj^ # 443 44-§T ^Hr ^21-^-2}-; 

44 7V^ Bfl o] X-l o) 4^ol ^71 21 O.S. «£44-£^- 44 7>^ gEjofl S-ff- 

.^^-i- »l7l-*>aL, A]J: ^ej'fS.w.El sj-^- ellojX-loflA^ 

4 M ig 44*11 tfl $ xhi ol i- «g ^ «)-o} ai 7_y cfl *g 44 oi <y *j ^ >n 
^ 44 4€ ^eW z)4f- ^4-§- °j7H>fe eflol^ 44 7flol 

tx]^^«7> ^44fe 3* ^K 1 fb4. 

^4 AJ A1# fl^. ^4 ^Bfl 

[26] « * tfli) 4^4^ It ^4. 

[27] S.5fe-&>£^4 «2flZl 44 4JH ^1^^-8:^^*1-71 

4 ^ £ o] JL, £ 6 -& £ 5^1 4€- M * ^ *fl^ 3 4 A l ^ 44 
7>^ Sflol^*^^! fl^^£ 0 H,i7fe£5°11 oJ-^^-^o. h^-l 

A 4 -9W <HH 7l ^ 4=3- a§ ^ *>7l ^ tb 3E.«1 Ji. £ 8£ £ 
5<H] ^8- ^ -8- « ^4 Ai^E^oflA-i 3ioi ^ 4^- xfloi 4^«ij^-» 
-i^l-71 ^^-T'-ys.^ltj-. 

[28] ^-Ssj-^.-S- ^^1 ^AHHl tq-s. ^-^.o ^^-j ^ ^ A]^E^^ 

4=3- 7>^ ^(ioo), 7i§ 4^- A J^-^(300), « ai).=L 3*> «H ^l^l (400), 
^■fr 34 4# ^4^(500), aj i *le]Jf(600), ^1 6 1 ^ 4^ v 
4 ^-¥-(700), 4 X J- 7>^ efl °14 (100)5.^ <y ^a>o> 7] § 43- 

^5 ^ -¥-(300)^4 # ^ -fr « sfl ^- 3 4 «H e?l 6 1 (400)^^.5. # 7l 4 ?] ^ *\] i 
4#sl(2i0), *lli 41-&K210)°1H ^°1 ^-^-fr ^efln 

«H efl ^1 (400)«=]1 # ^"4 ^ -H- « Hfl rz. ^ 4 ^] ol (400)^ uVa].^ 

^ 6 1 ^4}- 34 4# ^^1^(500)^1 ^^"4£^- 4fe ^12 ?1 1- £1(220)1- 

i^-4°i °1^-°1^14. 

[29] £5^£6# % v ^4^, 4^ 7}-«d BH«14(100)fe- ^l^^^l 4tb 

efloi^i 4oi^.c (110)) efl olx1 401 (iio)3.-¥-4 ^-i: °l^ nfl^ 0 ]! 

og a> a] 7l 4 4 * 4^ 4^71 (120), <>l ^ ^ ^ s 4-§-4 °1 #%' 4 
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[30] ^, ^ A>-g-^ 7} ^-a-H-(130)fe ^-g-^ cf^7l (120)1- 

-f-afl ^ ^ efloH cfo] ^.^(i io)5. ^^^cf.i 6^^^^^^ (forward 
pumping)* $1*1 (backward pumping)^ 7]-^«>cf. 

eflol^o] sHhg: 7]-^ ^E^(140)^ ^-^ SpSHl ^*fl A 1 ^^^^r. 

^Al^jolH^ 7>^ ^(140)3.^ 3^ 7>^ 2fly 5l-5|l^ ^Ell- 

^^.S.^ ^^)^}7] 4H*1H -f- 7fl£] ^H^eflojEKisi, i52)# 
*1~§-W. 3H*1^r ?1*3(160)» **IH #3*1°}, ?1*3(160) #^<cH] 
^•o>6}^imolEl(i53)§.^7>S. <g*l«H efl^l^ #^o] 3)0]*] ^7lS t±X\ 

[31] •& eflo]^ ^.a^^ 4^-01 Al^-Ofl ^^^71^0.3.71-^^^^01^. 

^SU^fe^-fr^ o]^7> ^-fi-(130)Sr «Ei(i40)°fl 3*IM 

33 £l fecfl 40nm, 4 & cfl 1525—1565 nm, ^1 Cf. 3Ltr fl^ ^ 7} 

7>^ ^lfe 301.3 ^^a7lt 3^*1 3M*1 
S^^- ^(mode-locking) ^ Si 4. °1 £l?i 3H*1 ^-^ 7>^ 

^E-l (140)2] «13r^ 7}^lfe aflol^ <g,§) o-oj_s_^ *lfe 

^ o. 3 X |. ^ Al^uj 01 51^^*^ 1*>^^] ^-3.^ *4 ^"i- SMI ^nf. 
[32] ^-71^; 3M*M- ^ Al^ofl A}&f>}7] ^ 

n °}*\ #^ -2-*>l" ^1 5fl °1 *\ ^ A l Zt^-S. 

^l^^^r 5Ufe ^l^^ -8.^51 n, 

^•HHfe 7l§ ^^-¥-(300), ^ el -¥-(600), ^ efl^l^-l ^ z])o] 
s]^«fl^-(700)« 4-§-*r^4. d Hl T=fl«fl^J 
[33] £52f£7t % 1 -S«>^, 71 § ^8 ^ ¥-(300)fe ^1 1 ^ *-3* (210)°fl 2] sfl 

^ °J B WS °=J^^-°> 4^ 7>^ efl oi^(ioo)^1 

#2] s|-=a-§- ^^^r7l 7]&^-£ ^o-Kz, 7l§ 

Er^l: ^°1W t!: 7] ^ s)-^- 0.5. S^lol-71 ^^<^ 7j§ ^ o. 

^7>(310), sfltiel-iEll^- ^^(320), ^ ^^#71(330)1- 5^-^cl-. 

[34] 2flue]-2il^. ^Bl(320)^-^?i^ 7fxlfe ^°V^3)-Al7l Jl, 7]^ 
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#^-3- 3*k3i0)fc ^ 444 *aV4*H=K 44*i ^liH 44 4=3" sl^ 

^4^7} ^«>fe Eflo]^ #^o] 7l§ ^ o. ^xf(310)l- ^44^ JE74 (2)4 
#^ofl U}<4 ^ *\3L7\ 444^-, 3fl ^4(320)§ -f-WS 

£ 751 (2)^1 4#°tf 514 € 44 4^ 44 A1JL7]- 44\+4. ol n)) 7] ^ 

#^4 34(310)4 HVAf 44-g- a)) H ^.511^- ^4(320)4 ^-4 44(Xa)4 
^-*M*W ^ 44*M1 4-B-, 444 43 4-§" 43.5] 44(X b )-§- ^cfl 

4^5] 7}$ £.2. 4-8-W. zie^ #4#7|(330)°1H <JJlxr 7]§ 

^ o. ^ X |. ( 3 10) «^ 3j)ti. e]-2ll^- ^4(320)» *4*!: -tl^^l ^-^5. 444M, 
°1» ^S>^ ^ 3) o] x\ 440] «H^7fl ^Sj-SlS &fe4 «a- &4. ^7]^ 
^-Aj^. ^^j. (310)1 . o]-g-^4 ^cfl 44 7l^# ^*>3L, sfla ^E](320)4 

44(i£fe^r4^) 4^*51 vflAj.^ A] TVoflA^ eflo]^ 44 

^«fl\flCf.5}^^^ 7l 4^-^ 4^4 A^-g-^^JojS.,^^ 

44<>1 4=9- ^44 4<diP<)-§-# c y ^ &4. °1 44 £ 4*51-4-51- 

ofl1i-€-(etalon)43oti 4^ ^Slfe cfl, ^ a] ofl ofi/.-] ^ joo 
GHz(0.8nm @ 1550nm) £fe 50 GHz(0.4nm @ 1550nm)l- 4-§"4^4- 
[35] a^cl^t^S] ^A]^oflA^7l^^-Ajo.^^ 2 ))^^.3 )15 .^ E ^ 

&5L2)^°] 44^4 .2.*l-# -fr** a> 3. 7) 

4 *fl 4 71 § 4 ^ 4 3 4(3 1 0)fe £51 4^ 4 3fl 4 4 4 4 # 4-§"44 , aVA} 
444 a^o] 0.4nm^££ ^ul M4?fl *14€ 5i* 4-§-t!:4. °]*W± 
% 3 4 3 4« 4-§"4 *H =1 3 £51 ^ ^ o] 4^7 tiVAj- rfl^o] ^ o ES 
■&S.7} €«fl£ 44 Xa4 43^.^31^ AfeJ-^Tfl ^&4. £th 
4*3-4* ^(320)51 4^ Sfe ^-7ls ^ 

4#^-§r #0)3., §.a> -£^##0]^ y^o) 44444. 447}, #4 fc* 
^IS]^* ^*>7l ^SflA^ 5fl« eMl^- ^ El (320)5] ^£1- <a^s>?ll -R-x]€r>^ 
^S. tb^ 0 !^-. tb^,^7°fl £A]^ 7)^%J$ -H- ^4(3 1 0)4 4 ^ 

^B](320)5] 51^1; H>^^£^. AjAl^oflAl ^5^^^^]^ Cg^o. 

^1^14 ^fe4. 

[36] 4*1 £ 51- ^S*]-^, % ^ -n- 2fl ^ A 4 «H 3fl °1 (400)*r ^1 1 

4 : 3- , t^. 44 ^>444, ^^-B- 34 4^ ^4-¥-(500)fe ^-y-B- 
4 el] 01(400)3.-^4 «1:4€ 444 #* 44 ^#4^i, 444 ^^l ^#4fe 
4 4* tt4. 444, %^ 34 44 44^-(500)fe 4^#7i4n 
^■^#7HW -bUiS-^-E-l oVa> n] 34 *1 4# ¥4fe si^s. ^-^^tq-. 

^ aj a] ofl ofl a-i fe 4 34 a] 4-g- ^47i 4 sfl a^ a>A> 4 34 4 cfl ?Jt4 ^ 
slfe-^ ^5-4^ H J-^#4-§-^4. °1 H3-^-a-°l-§-4-4 43.4 
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i!12l 37]7> £4444 «*JU 344 aVA>S.ol ^ %J>-6\} u^^^ 
J^M-lr^^r &4. 

[37] 4 el ^-(600)fe 7l § 43 A S 3 ^(300)5.^4 ^3 € 7l ^ 43-14 

3#4 4#4 34 43- #4 ^-(500)S-¥- 3 #4 3#€ 444 Am* 

°d ^4, 4# 4£ ^6] ^(lOOH-H #3€ A] ^tflt 43"-§- 444-2-, 

ZL Al ^cfl^ 43"4 *-a-fr 34 43" #4-¥-(500)3.*4 oj^Al 
u) ZL*\<H ^$.2$*} 4^ #4 « (500)5.^- 4 # 444 43"-§- ^4. 

[38] ^ 54 JE 8* t^s}^, Zfl 4 4 43" *H °i 4^ J i L (700)^r S# ^ 

Aj-Zt-Sj-l- 4*}- °17>«H 43" 7>^ eflo] 4(100)4 43-§: 

^43 o.s. £444:n-, 4=3- 7>^ 3H4(iooH4 #34 #§-4 AiTj-tflt 

43-°fl tflSt 4°14# ^2. ^el ^(600)3.^4 <a^^>^4 £3HI 

^ojo] Al^Vtflt Sh^-o] ej^Hl 43- 7>^ ^4°fl °j7f£l^ 

*J#£tf*2&^«4. 
[39] #3-4* '<$344 #44 ^4(710)* 4*$-4. #444 

43" £4 ^4^rfe 43- M ^5L» ^3fb4. 3"444 347}- 

#7>SHr ^-tV, ofl^Efl Bflo]4 4^-o] ^7>§ffe ^4°]14 4# ^o] ^S|S]J1, 
3"^4fe ^#<>fl4fe eflo] 4 34-58- xflo] 43= *Ji o] ^ ^4. av^«.V 

44^4 4£€4°H oi7>S)olH. ^e]4 £-£^-34 

43€3-°fl 2\t%x\ 43}- ^44 i^^ 7 ]. i^ns., 3144 43- £4* 
^4-°.s. 44"&^r 5tUr 4-^4 

[40] ^^Hfe 314 4 43-4 *114-I- 444 43-* £444^r 3-34 

44°fl 4§ 4-3- ^3-?- ^ ^ 44-¥-3 3^.4 4-§-44 3fi- a.^ ^<y-^- 
4*71-3. ?]7>§v^c]-. s 3-344 4^ UJ i-§- 3-^1 43-7} £ ^eH 
°i7V«|-o.^ ^4 $3 ^4°fl •t-W^I ^3tb43- e, l #^4-£^- 
^3 o.5L 43-* *ll4t!r4: a^H^u 4^-4 ^-cf. 

[41] ^ ^1 , -y-zj-44 37] 7> ^7]-^^ ^?>^a] 7] § 43- A <3 ^ -¥-(300)3.^ 
^■3^ 43# ^cfl 7]§ 43-(Xb)S] 3)3 A] ^- (Ti )i- ^3§>^, 0 1# 
7^ 3-tb4. ^el a>-§-47]- ^cfl 7l§ 43-^- 4] *1 ^1 i^v ^ 3 a] 

)4 ^tfl 7]§ 43-4 43 A]7i(T )4 4(AT)# #-$71(720)-!: % 

^•^•4. 3-^71 (720)°)W ^ ^7] 4^1 4 A 1^4 4(AT)4 ?i ^7HHs] 
a1?14 *KAT)* ^li 7>A>7l(730)S.4«fl A 1 4 -^4 tlss. 4-§-«>3., °) 
oflei ai ^ofl ul^ls:}^- ^.av 3<y-g. cl^]^ o}^-sn ^^7l(740)S ^r, 
^.3- ^di 71^ 43-^1 4^1^ Ai7_v# ^3*>?fl -fr4*B# ^ 
^S3€4. ^- a. 3- ^«a-* 3-444 37l 7\ ^?i^l^ # ^ ^ 7) ZL, 
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#3€ &<$3\- A J^4t *«2 7>aV 71(750)5. 7>i£ 

?i7>^- ^ °] u o v ^-a- 4-§-#^ bih*] ^-a- s^^- 

[42] £ M-fV «-=fl^- #H ^li^-i- ^e^l^ 

3:3 o] £sl-£|o] eflo]*i £^ ^ jzj-^-oi 7>«1 ^E] S] ^.4 

Sr^l ^Mr^ (free spectral range) V}*} 

[43] £ 9^r £ ^ °il ^"^ -rr « Efln ^ 7,]- ^a] a] o] -g-sflA] 

^Aj -ft- q 7>o] ^ ^ ^ SO] C]-. ^ A] ofl Jfr73 7.}^3) ^2} 

[44] S. 9» ^Ssf^ 22 a[ ?J o) aV ^J-a] TV ^ s^-g-ofl £ o>^ ^ _o *±3L7\ 

sV^Sl^cf. ^, ^ ( ^.sH^)0. j pm ol^H^, ^e]^JE(drift)fe 3 pm »l*>^Cr. 
trrBr^,^^:^ 6 !] ^^^rpm^ ^ «^ ^ 7f *] -fr «-=fl^ 3 *r 

o] a 0 v^ S #4 7] 7f 3£S # ^ 1- ^-71 sfl a] c^e] 3|*> aj]a^ teflon- 

^ *}JE4I=- ^-=8-31-71 7 r -§-0] o] 1- ^ *fl Ai £ 5 s] ^ ^ 6\]*\ xfl 2 
?H 1-5] (220)1- nf^^ ^#5] Ei (splitter )S Msf^, A ^-fr A A *H 
<H ell <=>1 44 "6- 3 *r a).^- #*] ^(500)* ^l£S^l^,^7l 

[45] o] *H A i S. 5# -fr « =fl OL A A AflA-1 a] s] 

[46] 7]-^ el] °1 7^(100)°11^i € ^1 1 1-Sl(210)ofl^ ^-7l E] 7$ 1 

^1-^(210)^ 5]b11 l-7]€ % #°1H ^^-9.5. ^-^i 7]^ sj.^- 

A S A J ^(300)5. ^ n Si ^, 7l § ^ % AJ ^-(300)^^1 ^7l^o] 7l§ 5>^1- ^ 

^tfl 7l§ aj-^ ^*fciL, A]i *]e]^-(600)fe- 7]f^ «. (300)S «.e1 

Ajlf 0 J^«>0> 7>^ BfloH(100)«l|^ AlTj-cfl^ S]-^ 

^g].^ JjL A] 4^6] *J-Aj. ^?g«>£S. eflo] *l 3].^ ^lo] 

5i)JE.^-?-(700)«H|^ 4^9" 7>^ efl6]^(100)S] oV^^Al^lc].. 
[47] ^e]Jl, *)ll ^#a|(210)ofl €-7lJS ^ ^o]}*\ €\-^o_S. 

^ o. « eflzi 3*} <>le)lol(400)°lH 31-^^5- St^sloi, -i ^--i-^r 
%m o. ,^x> apj- ^l-^(500H^i iir^'gS. ^#^1 Al ^o] #j^sl JL.ZL *ltV^r 
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aJJ: ^^-¥-(600)5. 0 J^£H ^±3. «r^VsH ^W^*} s>fe #eJ^S 
€€•£171] €4- 

[48] tb^, *-a+ «^ 34 *1^"S°1HS 

[49] £ 10^: ^-B" 3*HI W^-g-^m^ol M**M 4^*1 

34. ai^ofl n^-aj- tiVA> 4^o] ^4*1^ ^# neflHo]c]-. 

[50] £ 10-i- %^*]-^ $ -§-^ o] 7>«fl^] x] °*-o_ i£ £ iofi] (1)3}- zj-o] e>i4^ 

31 3.^0] ^ S] 4 o>, ^ yj-tg -5"^ S] 7 r *fl 4 ^ 104 (2)Q 4 3.7} 

£44 ?\) €4. ^, ^ >8-* -8-eW 7>tfl| 4^ *!4 ^ €M 45]- 4 ^>A> 
4^4 37]4 *§aJ-o] #444 4=§-*34 ?7H ?) »l €4. 

€^1~§- ^4tt €4 -g-^°l 4^4^ -2.44 

^,§^#44^-4. 

[51] 444 ■& ^4 ^AldfloflA^ 4^Aj,g. ^7^>7l 4^ eflo]^ 

[52] 31 <>1 4 # ^ * M #44 7] « 0 V*] A 37 fl <=. 7 >4 7> °1 4. ^ B} *]] ^ 

£5£r£ 6°fl 4€- 4# 7 r *£ 34*14 ^^-^3^^.^=. 
€4 44 a] #ofl 44 0.3. ^sj-A] 7) 3 o] %q -fr 34 

s}^^ ^^-^-g-tr ^m-^4 €#°fl 4^5g-3--°3.£-4*-# < ?}4. 4 

^£4 tF^7>Sio] 4*V^ ^5=7]- xfl ^444^^44.^*11 ^^-£5 
SEfe 6°1] 4€- 4^ 7>^ eflo] ^ o) f^cH] ^^(depolarizer)* H^rfe 
344. 4fe 3]4 4 #3^ ^#44^-^4 ig^ofl ^-^>7]] 44"S" 

3:Z]-^-45 0 5.^^-Al^A-] nj-s ^ o^cf. o] aflofl^A^Elfe 3L7\2\ ^^-^1 
7 a°l7> 4* <d^l ^]3il*>2-5: Efl <=>1 ^1 #^S] 4^ 

[53] Aj-^tb ^ 7>^1 ^ ^^7l# Af-g-eVfe « 0 >^o] /H^sl^^l, o]^- fe 

aeN ^-fi- aefla ^ aI^e^o]] Af-g-s] <aaV^-?l 7 r ^ 
efl^l^fe ^ «i kHz ^ ^ 4^ -f^r^}^ 

# ^ ^ ^ « ^ ^ 5. S ^ ^fe $1^1 °J ^ # Af-g-^71 o|] ^ 

«-^^5>4.^.£^^: ^^^1 A>-g-5]fe^-^-B-4 ; S-7>^ £flol^# <^]-g-^ 
0.1~0.5nm3] $1} 4^ S.^^€ <?>^^ ^#^^r ^*^r 

$a-5-S-5.,-¥-^^-7l* a>^.^-^ ojo.^ Ai^s M-?- ^>4^^-sfl^i 
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[54] ¥^-§r <S*H»**aM ^slS^Jr.^^HHrn 

i4t *<83=5Efe ^7>a]^ 

[56] 3. <*fl3.#), SS., ^ tfl^^2:#fi] ^T^^IW 

3-*fl^ «!?^^ 4= Sit)-. ^,^-^3] ^-B- 

[57] ^-fr*^ A]]7]7> ^^S] -n- 3 
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^■7] ^ y}^ Bfl c] a] 5. #§) £ °J ^ aj-ej: 0.5. 

og a *go\ a o v 71 ^3. 7 ].^ ^) o] *| oflAi #3 ^ #£l s^-g: ^ A l 
^71 *)i ^eisL-f El #3£ ** 
*1 s>fe -fr 3*1- ^-^ ^ 

Aj-71 7]§ ^Ajjf^^ 71 § S^l^l # 7 ] ^ o. 

7}& Z]]o]7^6\]^\ ^SrZ\ ^% ^*>uL #7} ^ -fr 

2^7} 5.*-B\ # Z^-Zl-21 Bj-^V o. Al^- ^JjL. 

AJ-71 ^ 7f^ 511^1^51 #^ S^J-o] ^7}Z*0_S. Al- 7l ^ 

^Eiofl ^oj-g- ^7^1-31, AJ-7] A] Jr ^ ^ J**- JjLEi Aj 7 ] ^j- 

7>^ eflC'l A^H Aj-71 Al ^cfl^t s^i rfltt 3H3«- 

og^aj.oj- Aj-7] Al^cfl^ -sl-^-ol ^ ^§>7fl bV^-SI^S. aJ- 71 ^ 7 }£ 

[2] *1] 1 StM *i A o V 7l 5}^- 7>£ efl Ol 7^ ^ 

AJ-71 eflol ^ cfol^^5.«.Ei o]S. ofl^ofl ojA>A] 5 'lfe 5h^- 

^ t}^7]; 

O}^ Dlj^S Af-g-Sl^ <H^^7> #-3-fh ^ 

Aj-7] Jul# ?]7l- ^} ^3} ^71 2j i^s}-^ efl <=»1 *1 

7>^A^l fe Trj-^V 7f^ ^E^ 

S ^ 7>^ %^$r eflol 7-1 o] 5}^. sl^^s. ^ *^ZL 

[3] ^1 °J,o]^] t Aj-71 ^ 7>^ efl ol ^ si #^ ^ 

#71 7>^ ^Elofl o]7l-Slfe JZ^ #<S2\ EL?] 2} 2^*><H 

2.^^-^Sl^ §1-^ ^-AJ o. o 37}. ^ Al^^ 
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[4] 31 1 %H1 Si<H *1 , ^7] 7]§ 3^ J§ *) if 

[5] 31 4%°11 £M *1 , ^71 7] § -B- 3 

[6] 31 4%l-°fl £M Al, ^7) 3fl N w 3-31-1- ^Bjfe 

[7] 3| £M >H, #7] 3fl a. 51-^1^- ^Eife 

Al^. 

[8] 1%H1 fl<H*l. ^-71 xfli 4^ 7flfil ^"71 ^ o. y eflzi 3*} 

<H*IH;^ ^l M-B- w^fl ^.^401 eii ois^^ cfl-§-slfe^ 7flsl 

A J-7l ^ -ft- 3 74 ^=9- ^ffe ^Hi]^ 3 3 *M ^s. 
^slxr ^io 5 ^-B- a eflzi ^7}. ai^ej. 
[9] 31 1 *cMl 51 <H ^ . #7l ^ efl o 1 z\ #ofl ^ 

[10] 31 9*<M1 Sfl°H, ^71 ^^-7l-b45°S ^^-=13. *H ul^-cl 1:2 °1 ^ 

[11] 31 iej-oji ojol a^ #7] 7>^ eflol ^1^. 

[12] 31 1 ^ofl 9X°]^, #7l 31 fj- ^ 

^•71 ^tfl 71^ 4^-ol 3*1 *Kr *1?_H <y^*>7fl -B-^l£l£^- ?]7>£lfe 

^-§-^<L.5.SHr M.Hfl3. ^!A) Al^Ej. 
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3 X> Bl) oj ; fl-g^ V^OL 2$ 7.} O] Bfl o] aVA>^ Zj-Zf ^o] £ fe A] 7>-§- 

^3*Hr ^-B"^7> 4^ ^ 71 § 4^ A^Aj « S.«-E^ Aljr - cj^fl 

ss* *g:s.* ^sku 3*1- 4* #*i*s-¥-3 # ^§>^ 

?17>^ eiH *j .fijjjL-g. a^-^tq-. sti- 4# elM *1 
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